Cellular heterogeneity of CFTR expression and function in the lung: implications for gene therapy of cystic fibrosis.
Cystic fibrosis (CF) has become a paradigm disorder for the clinical testing of gene therapies in the treatment of inherited disease. In recent years, efforts directed at gene therapy of CF have concentrated on improving gene delivery systems to the airway. Surrogate endpoints for complementation of CFTR dysfunction in the lung have been primarily dependent on correction of chloride transport abnormalities. However, it is now clear that the pathophysiology of CF airways disease is far more complex than can be solely attributed to altered chloride permeability. For example, in addition to functioning as a chloride channel, CFTR also has been implicated in the regulation of other apical membrane conductance pathways through interactions with the amiloride sensitive epithelial sodium channel (ENaC) and the outwardly rectifying chloride channel (ORCC). Superimposed on this functional diversity of CFTR is a highly regulated pattern of CFTR expression in the lung. This heterogeneity occurs at both the level of CFTR protein expression within different cell types in the airway and the anatomical location of these cells in the lung. Potential targets for gene therapy of CF include ciliated, non-ciliated, and goblet cells in the surface airway epithelium as well as submucosal glands within the interstitium of the airways. Each of these distinct cellular compartments may have functionally distinct roles in processes which affect the pathogenesis of CF airways disease, such as fluid and electrolyte balance. However, it is presently unclear which of these cellular targets are most pathophysiologic relevant with regard to gene therapy. Elucidation of the underlying mechanisms of CFTR function in the airway will allow for the rational design of gene therapy approaches for CF lung diseases. This review will provide a summary of the field's current knowledge regarding CFTR functional diversity in the airway and the implications of such diversity for gene therapies of CF lung disease.